Abstract
4
Chinese emissions of SO2, NOx, PM2.5, BC, and OC in 2005 are −14%∼13%, −13%∼37%, 101 −17%∼54%, −25%∼136%, and −40%∼121%, respectively. 102 103
The uncertainties in emission inventories are carried into CTMs simulations, leading to biases in 104 air quality predictions, which need to be carefully evaluated to identify the useful information 105 that can be used in health effects studies ( observation data in China. The differences among air quality predictions were also compared and 131 identified. Finally, an ensemble technique was developed to minimize the bias of model 132 predictions and to create improved exposure predictions. To the authors' best knowledge, this is 133 the first ensemble model study in China using multiple emission inventories. The ensemble 134 predictions of this study are available for public health effects analyses. 135 136
Method 137

Model description 138 139
In this study, the applied CMAQ model is based on CMAQ v5.0.1 with changes to improve the 140 model's performance in predicting secondary organic and inorganic aerosol. The details of these 141 changes could been found in previous studies (Hu et al., 2016a;Hu et al., 2017b), therefore only a 142 brief description is summarized here and more details can be found in the cited publications and 143 the references therein. The gas phase photochemical mechanism SARPC-11 was modified to 144 better treat isoprene oxidation chemistry Hu et al., 2017b The difference in model performance with the four inventories also varies seasonally and 288 spatially. (see the definition of regions of China in Figure S1 ). O3 predicted using MEIC, SOE, and 295 REAS2 meet the criteria for the YRD region by MEIC. O3 predicted using SOE only meets the 296 criteria in Northwest (NW) and other region (Other) of China. For CO, NO2, and SO2, model 297 performance in the less developed regions such as central (CNT), NW, and Other regions is 298 worse compared to more developed regions. 299 300 Figure 2 illustrates the PM2. Figure 3 shows the spatial distribution of annual averaged gas species, 1-hour peak O3 (O3-1h) CNT, and SCB regions while are less than 5 ppb in other regions. SOE mostly predicts 2-3 ppb 331 lower SO2 in the east half of China with the largest difference of -10 ppb in the CNT region. 332 EDGAR and REAS2 had very similar difference with MEIC, i.e., more than 5 ppb higher 333 concentrations in the NCP and YRD, ~2 ppb higher concentrations in the PRD, 2-3 ppb lower 334 concentrations in the NE and up to 5 ppb lower concentrations in the CEN and SCB. 335 336 Figure 4 shows the seasonal distribution of PM2.5 total mass predicted by MEIC and differences 337 between SOE, EDGAR, and REAS2 to MEIC. In the spring, MEIC predicted PM2.5 338 concentrations are ~50 µg m -3 in east and south parts of China and South Asia has the highest 339 value of ~100 µg m -3 . SOE predicts 5-10 µg m -3 lower PM2.5 in north China and < 5 µg m To further evaluate the ability of the ensemble method in improving predictions at locations 412 where observational data are not available, ensemble predictions were made using a data 413 withholding method. For each city, the observations at the other 59 cities were used to determine 414 the weighting factors in E6 and the ensemble prediction at the city was calculated. Performance 415 of the ensemble predictions at the city was calculated using the withheld observations to evaluate 416 the performance. The evaluation process was repeated for each of the 60 cities and the 417 performance was compared to that with individual inventories (shown in Table 4 . Comparison of the data-withholding ensemble prediction of PM2.5 and O3-1h at each city with predictions of individual inventories. The ensemble predictions at each city are calculated by using the data in the other 59 cities (i.e., withholding the data at that city) to determine the ensemble weighting factors. Symbol '×' indicates the ensemble prediction performance is better than the performance of a specific inventory (i.e., both MFB (MNB) and MFE (MNE) values are smaller for PM2.5 (O3-1h)); otherwise symbol '-' indicates the ensemble prediction performance is worse. 
